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Abstract
The induction of the stress protein Grp75 in response to amino acid deprivation of Chinese Hamster Ovary cells was
characterised using a specific monoclonal antibody. A 2-fold increase in the Grp75 protein content occurred over a period of
5–10 h after incubation of the cells in amino acid-free medium. A partial induction was obtained when either all
non-essential amino acids or all essential amino acids were omitted from the medium indicating a broad-specificity
response. Deletion of the single amino acids tryptophan, histidine or phenylalanine from otherwise complete medium also
produced a partial induction of the protein. The increase in the level of Grp75 was completely blocked by cycloheximide,
but only partially blocked by the inhibitors of mRNA synthesis actinomycin D and a-amanitin. A specific cDNA probe for
Grp75 was generated by PCR and used to quantify mRNA levels. No increase in Grp75 mRNA was observed during the
induction of the protein indicating that the primary regulation of Grp75 expression was not at the transcriptional level.
These results contrast with the large increase in asparagine synthetase mRNA which has been shown to occur during amino
acid deprivation, and indicate that cells respond to this form of stress by more than one mechanism.
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1. Introduction
Mammalian cells respond to environmental stress
by altering their pattern of protein synthesis. Amino
acid deprivation is a form of stress which has been
relatively little studied in this respect, although it is
of potential physiological significance. When cells
Abbreviations: Grp75, 75 kDa glucose regulated protein; CHO,
Chinese hamster ovary; MEGA-10, decanoyl-N-methylgluca-
mine; PBS, phosphate buffered saline; SDS-PAGE, sodium dode-
cylsulfate polyacrylamide gel electrophoresis; Mops, 3- N-mor-
.pholino -propanesulfonic acid; Hepes, N-2-hydroxyethylpipera-
zine-N X-2-ethanesulfonic acid
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are cultured in the absence of amino acids, the overall
rate of protein synthesis decreases, but the synthesis
of a small number of specific proteins is enhanced
w x1 . It is well established that asparagine synthetase
w x2 and the neutral amino acid transport system known
 w x.as System A see, e.g. 3 are induced when cells are
deprived of amino acids. A recent investigation based
on screening of a subtracted rat hepatoma library
identified the ribosomal protein L17 as another pro-
w xtein induced under these conditions 4 . In this labora-
tory, we have shown that culture of the renal epithe-
lial cell line NBL-1 in the absence of amino acids
leads to the specific induction of the stress proteins
w x w xGrp75 5 , Grp78 and calreticulin 6 which may act
w xas molecular chaperones, together with System A 7
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and the high-affinity glutamate transport System X -AG
w x8 . It is suggested that induction of these specific
proteins provides a cell defence mechanism against
this form of stress, tending to maintain the intra-
cellular amino acid content and protect the cells from
the accumulation of malfolded proteins.
Grp75 is a member of the family of glucose-regu-
lated proteins and is located exclusively in the mito-
chondria where it is thought to act as a molecular
w xchaperone 9,10 . Grp75 has been cloned recently
w x w xfrom human 11 , rat 12 , and mouse where it was
initially identified as the peptide binding protein
w xPBP74 13 . The protein was originally characterised
as a result of its induction by cell deprivation of
glucose, but little is so far known about its regulation
by other forms of cell stress.
The mechanism of the induction of asparagine
synthetase by amino acid deprivation has been stud-
ied in detail. The expression of asparagine synthetase
w xis regulated mainly at the transcriptional level 2 . It
has been shown that the sequence 5X-CATGATG-3X
between nucleotides y70 and y64 of the asparagine
synthetase promoter region are necessary for the
w xamino acid starvation response 14 . In addition, cis-
acting elements which affect mRNA stability are also
important. It has been suggested that a hypothetical
amino acid-responsive repressor protein may be in-
volved in the induction of various proteins in re-
w xsponse to amino acid deprivation 1 .
In order to determine whether the induction of a
number of proteins by amino acid starvation occurs
by a common mechanism, we characterise here the
induction of Grp75 in CHO cells in more detail. In
contrast to the situation with asparagine synthetase,
the induction of Grp75 is not mediated via an in-
creased level of mRNA.
2. Materials and methods
2.1. Cell culture
All cell culture reagents were purchased from
Gibco and were tissue culture grade. CHO-K1, NBL-
1, and H4IIE cells were cultured in Hams F12 nutri-
ent media supplemented with 2 mM glutamine, 10
mM Hepes, 100 unitsrml penicillin G, 0.1 mgrml
streptomycin, 0.25 mgrml amphotercin B, and 5% or
10% foetal bovine serum. 3T3-L1 cells were cultured
in Dulbecco’s MEM supplemented with 10% foetal
bovine serum, 2 mM glutamine, 10 mM Hepes, 100
Urml penicillin G, 0.1 mgrml streptomycin and
0.25 mgrml amphotercin B. Hepatocytes were iso-
lated by standard collagenase perfusion and cultured
 w x.as described previously see 15 . For amino acid
deprivation experiments cells were washed in PBS
and cultured in the following medium: Hams F12
 .salts or DMEM salts for 3T3-L1 cells supplemented
with 10 mM glucose, 0.1% bovine serum albumin
and 0.01% Phenol Red, pH 7.4. Total cell protein
was prepared by washing the cells in 5 ml PBS
before scraping into 1 ml PBS. Cells were spun down
and the cell pellet was dissolved in 100 ml
5%MEGA-10r20 mM TRIS-HCl, pH 7.4. After clar-
ification by centrifugation 20 mg of total protein was
used for SDS-PAGE.
2.2. Gels and Western blotting
Total cell proteins were separated on 10% SDS-
w xPAGE gels, as described by Laemmli 16 , and trans-
ferred to nitrocellulose using a wet-blot apparatus
 .Bio-Rad . Western blotting was performed by the
w xmethod of Towbin et al. 17 except that nitrocellu-
lose filters were initially blocked in 5% milkrPBS
solution. The Grp75 antibody was a monoclonal anti-
 .body obtained from Stress-Gen Bioquote, UK ,
product number SPA-825. Blots were developed ei-
ther using alkaline phosphatase or by ECL
 .Amersham as appropriate. Gels and blots were
scanned using a Chromoscan 3 Joyce Loebl, Tyne
.and Wear, UK .
2.3. Protein estimations
Aliquots of cell lysates were used for protein
w xestimation with Bradford’s Reagent 18 and by
SDS-PAGE. Duplicate gels were run and stained with
Coomassie R-250. Scans of individual tracks were
used to adjust duplicate aliquots loaded for Western
blotting accordingly.
2.4. Grp75 probe
A cDNA probe was constructed corresponding to
the nucleotides 1774–2060 of the published human
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w xGrp75 cDNA sequence 11 . Redundant oligonucleo-
tide primers were made to the amino acid sequence
NMAEGIIH spanning amino acids 583–590 and to
EDQKEEKQ spanning amino acids 672–679 and
used in subsequent PCR reactions with CHO first-
strand cDNA template. The forward primer was 5X-
 .  .  .AA CrT ATGGCIGA ArG GGIAT ArCrT AT-
 . X XArCrT CA-3 and the reverse primer was 5 -
 .  .  .  .  . CrT TG CrT TT CrT TC CrT TC CrT TT Cr-
.  .  . XT TG GrA TC CrT TC -3 . The single 286 bp PCR
 .product was gel purified QIAex procedure; Qiagen
and treated with T4 polynucleotide kinase Pharmacia,
.378C for 60 min before blunt ending with Klenow
 .GIBCO, room temp., 30 min . The PCR product was
 .ligated T4 DNA Ligase, NEB into EcoRV-cut
pBluescript previously phosphatased using calf in-
testinal phosphatase Boehringer Mannheim, 378C,
.60 min . Sequencing of the 286 bp fragment was
w 35 x  .carried out with dATP a S Amersham and the
 .Sequenase v.2.0 Sequencing kit USB according to
the manufacturers instructions. The DNA sequence
was 88% identical to the published sequence of the
w xmouse clone 12 .
2.5. Total RNA extraction
Total RNA was extracted from 35 mm dish cul-
tures using the method of Chomczynski and Sacchi
w x19 . Briefly, cells were lysed in 400 ml lysis buffer
4 M guanidinium thiocyanate, 25 mM sodium citrate
 .pH 7.0 , 0.1 M 2-mercaptoethanol, 0.5% N-lauryl-
.  .sarcosine by drawing into a 1 ml tip 8 times .
 .One-tenth vol. sodium acetate 2 M, pH 4.5 was
added followed by phenolrchloroformriso-
 .amylalcohol 0.5 ml, 25:24:1 . The mixture was vig-
orously shaken and incubated on ice for 5 min. The
aqueous layer was removed after centrifugation 10
.min, 10 000 rpm and mixed with 1 ml iso-propanol.
 .The RNA was precipitated y808C, 30 min , har-
 .vested 15 min, 14 000 rpm, microfuge and resus-
pended in 200 ml lysis buffer. RNA was stored under
iso-propanol at y208C until the day of use when the
 .RNA was pelleted 15 min, microfuge , washed in
75% ethanol and resuspended in 11.25 ml H O.2
2.6. Northern analysis
Total RNA was denatured in formamiderformal-
 .dehyderMops 658C, 15 min and separated on an
w x0.8% formaldehyderagarose gel 20 . The RNA was
 . transferred 16 h to nylon membrane Hybond N,
.Amersham, UK according to the manufacturers in-
structions. In addition a separate lane was run using
total RNA, cut out before transfer, and stained with
ethidium bromide to reveal the 28 S rRNA and 18S
rRNA positions. The membrane was baked at 808C
 2 .for 2 h and cross-linked 1200 Jrcm , Stratalinker
 .before being pre-hybridised 4 h, 428C in 4=SSPE
1=SSPE contains 0.15 M sodium chloride, 0.01 M
.sodium phosphate, pH 7.4, 1 mM EDTA , 5=
Denhardts, 0.1% SDS, 4.5% formamide, 0.2 mgrml
salmon sperm DNA, 0.5% dextran sulfate. The dena-
tured label was prepared using the PrimeIt kit v.2.0
 .Stratagene and left to hybridise overnight at 428C.
The post-hybridisation washes were 1=SPE, 0.1%
 .SDS 15 min, room temp., =2 and 0.2=SSPE,
 .0.1% SDS 5 min, room temp . The actin probe was
w xused as described previously 8 and the Glyceralde-
hyde 3-phosphate dehydrogenase probe used a cDNA
w xclone from chicken 21 .
3. Results
3.1. Response of Grp75 to ˝arious types of cell stress
in CHO cells
It has been shown previously in this laboratory that
Grp75 is induced in the bovine renal epithelial cell
line NBL-1 in response to complete amino acid de-
w xprivation 5 . The response of Grp75 to various forms
of stress in CHO cells was characterised using a
monoclonal antibody specific to the protein on West-
 .ern blots. Fig. 1 a shows that in addition to the
induction by glucose starvation the protein was in-
duced to the same extent by amino acid deprivation
and hyperosmotic shock; conversely there was little
Grp75 protein present after exposure of cells to UV
light or to the sulfydryl agent 2-mercaptoethanol.
 .Heat shock did not induce Grp75. Fig. 1 b shows a
separate experiment indicating that exposure of cells
to the glycosylation inhibitor tunicamycin also in-
duces the protein. In all the experiments using West-
ern Blotting, an exactly equal amount of total cell
protein was loaded on each track.
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Fig. 1. Induction of Grp75 by various forms of cell stress. Petri dishes containing 80–90% confluent CHO cell monolayers were exposed
to various forms of stress for the times indicated. Cells were extracted as described in Section 2 and 20 mg of protein were separated by
 .SDS-PAGE, transferred to nitrocellulose and probed with the Grp75 antibody. a Track 1, complete medium; Track 2, amino acid free
 .medium for 16 h; Track 3, heat shock at 428C for 30 min.; Track 4, 2-mercaptoethanol 0.05% for 3 h; Track 5, treatment with
 .ultraviolet light UVC, 72 s at 0.5 m from a 30 W source ; Track 6, normal medium containing 200 mM sucrose for 16 h; Track 7;
 . glucose-free medium for 16 h. b Track 1, complete medium; Track 2, amino acid free medium for 16 h; Track 3, tunicamycin 0.1
.  .mgrml for 16 h. Standard M markers Sigma 6H are as shown.r
Fig. 2. Time course of increase in Grp75 protein content. Cells were switched to amino acid-free medium at zero time and incubated for
various time points up to 16 h. Corresponding blots were probed with Grp75 antibody and the intensity of the 75 kDa band was quantified
as described in Section 2. The inset shows a typical Western blot. The graph shows the mean"S.E.M. of values obtained from similar
blots from at least three separate experiments.
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3.2. Characterisation of Grp75 induction in response
to amino acid star˝ation
Fig. 2 shows a time course for the induction of
Grp75 in response to complete amino acid depriva-
tion. An apparent transient induction occurs over the
first 3 h followed by a two-fold increase in the
protein between 5 and 10 h. This induction was
sensitive to the protein synthesis inhibitor cyclohex-
 .imide see later .
Previous work by others on the increase in as-
paragine synthetase mRNA levels in response to
amino acid deprivation in rat hepatoma cells indi-
cated that deletion of single amino acids from the
complete medium was sufficient to produce a partial
w xresponse 22 . The omission of His, Phe or Trp was
particularly effective in this system. Table 1 shows
the results of similar experiments performed on Grp75
induction in CHO cells. Incubation of cells in amino
acid free medium for 16 h resulted in a two fold
induction which did not occur when all 20 amino
acids were added to the amino acid starvation
medium. Omission of either all the non-essential
amino acids or all the essential amino acids caused a
partial induction of Grp75 indicating the involvement
of a broad specificity amino acid sensing mechanism.
To characterise the amino acid specificity of the
system cells were incubated in complete media from
which various amino acids had been omitted Fig. 3
.and Table 1 . Separate omission of the single amino
acids His, Phe and Trp was sufficient to cause induc-
tion, with levels of induction dependent on the spe-
cific amino acid. Conversely the separate omission of
Met had little or no effect. Deletion of combinations
of His, Phe, and Trp had no greater effect than the
deletion of these amino acids separately. These re-
Fig. 3. Effect of deletion of various amino acids on the Grp75 level of CHO cells. Cells were incubated in various media as described
 .below for 16 h. The figure shows a representative Western blot. a Experiment 1; Track 1, complete medium; Track 2, amino acid-free
medium; Track 3, amino acid-free medium with all amino acids added back; Track 4, amino acid-free medium with all non-essential
amino acids added; Track 5, complete medium with deletion of histidine; Track 6; Complete medium with deletion of histidine and
 .phenylalanine; Track 7, complete medium with deletion of phenylalanine b Experiment 2; Track 1, complete medium with deletion of
histidine; Track 2, complete medium with deletion of phenylalanine; Track 3, complete medium with deletion of methionine; Track 4,
complete medium with deletion of tryptophan; Track 5; amino acid-free medium with addition of all non-essential amino acids; Track 6;
amino acid-free medium with re-addition of all amino acids; Track 7; amino acid free medium; Track 8, complete medium. Amino acids
were present at 2 mM concentrations.
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Table 1
Specificity of the induction of Grp75 due to the absence of amino
acids from the cell culture medium
Condition Relative amount of Grp75 protein
FED 1.0
)))AASM 2.07"0.11
AASMqamino acids 1.09"0.08
)))AASMqNEAA 1.57"0.06
)))AASMqEAA 1.77"0.06
))His-deficient medium 1.62"0.13
)))Phe-deficient medium 1.79"0.12
)Trp-deficient medium 1.53"0.23
Met-deficient medium 1.04"0.03
))HisqPhe-deficient medium 1.61"0.02
 .CHO-K1 cells 80–90% confluent were cultured for 16 hr in
 .  .complete medium FED , amino acid starvation medium AASM ,
or AASM-based medium deficient in the amino acid or the amino
acid combination stated. All amino acids were present at a
concentration of 2 mM. The Grp75 band on Western blots was
quantified by scanning as described in Section 2. For each
experiment the values were normalised with the value in com-
plete medium taken as 1.0. The values indicated are the means"
S.E.M. of results obtained from at least three independent experi-
ments: ))) P F0.001, )) P F0.01, ) P F0.05 vs. AASMq
 .amino acids by Student’s t test .
sults indicate that a deficiency of His, Phe, or Trp is
sufficient to cause the induction of Grp75 but that
other amino acids are also involved. These results are
broadly similar to those obtained with asparagine
synthetase mRNA levels. The fact that the omission
of a single amino acid is sufficient to cause induction
of Grp75 suggests that this system may have a
physiological role in the defence of cells against
stress due to insufficient supply of dietary amino
acids.
3.3. Analysis of the induction of Grp75 in response to
amino acid depri˝ation in different cell types
In order to determine whether the induction of
Grp75 under conditions of amino acid deprivation
represented a general phenomenon or was specific to
this cell type experiments were performed on a num-
ber of additional cell types. The level of Grp75
protein following 16 h of complete amino acid depri-
vation was observed in the bovine renal epithelial cell
line NBL-1, the mouse adipocyte cell line 3T3-L1,
Fig. 4. Grp75 protein levels from various cell types in response to amino acid deprivation. Cultured cells rat liver hepatocytes, H4IIE,
.  .  .HEK, NBL-1, and 3T3-L1 were incubated in control complete medium or amino acid free medium AASM for 16 h. Protein was
extracted as described in Section 2 except for hepatocytes which were lysed directly on the plates using a 1% Triton solution. Results
represent data from at least 3 separate experiments and are shown as the mean"S.E.M. The inset shows representative tracks from a
Western blot of complete and A.A.S.M. treated cells.
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and the rat hepatoma cell line H4IIE. Experiments
were also carried out on adult rat hepatocytes to
enable a comparison with a primary cell line. The
results shown in Fig. 4 show that the up-regulation of
the stress protein in response to limiting amino acid
concentrations is not specific to this cell line. All the
cell culture lines tested showed a marked increase in
the level of Grp75 protein. This suggests that the
factors active in the up-regulation of Grp75 synthesis
under amino acid deprived conditions are not specific
to CHO-K1 cells. Conversely when hepatocytes were
cultured under amino acid deprived conditions there
was no observed increase in the level of Grp75
protein.
3.4. Induction of Grp75 in response to amino acid
depri˝ation is regulated at the post-transcriptional
le˝el
The representative experiment shown in Fig. 5
shows that the induction of Grp75 in response to
amino acid deprivation was completely abolished by
cycloheximide indicating the involvement of de novo
protein synthesis. The induction was partially, but not
completely, blocked by inhibitors of mRNA synthesis
at concentrations which specifically block transcrip-
tion in other systems. Data from 3 separate experi-
ments showed that the increase in Grp75 protein by
 .amino acid deprivation was 100% "11% , and was
 .  .reduced to y10% "20% , 45% "5% , and 70%
 ."20% in the presence of cycloheximide, actino-
mycin D, and a-amanitin, respectively.
3.5. Steady-state le˝els of Grp75 mRNA are not
raised in response to amino acid depri˝ation
In order to ascertain whether Grp75 synthesis is
regulated by a similar mechanism to asparagine syn-
thetase a cDNA probe specific for Grp75 mRNA was
generated from the known human Grp75 sequence
 .and used in Northern analysis see Section 2 . The
Northern blot in Fig. 6 shows a typical time course
for Grp75 mRNA levels in CHO cells incubated in
the absence of amino acids. Blots were standardised
using actin as an equal intensity loading guide and
show no significant increase in mRNA levels over a
time-course which corresponds to a 2-fold induction
of the protein. The use of a second housekeeping
  ..gene, GAPDH, verifies this result see Fig. 6 b .
This finding together with the data in Fig. 4 suggests
that the major mechanism resulting in the induction
of Grp75 in response to amino acid deprivation does
not primarily involve changes in the steady-state
levels of mRNA. In parallel experiments data not
.  .shown tunicamycin 0.1 mgrml similarly failed to
cause an increase in mRNA levels after either 4 or 16
h, although a 2-fold increase in protein was observed
  ..after 16 h Fig. 1 b .
To test whether steady-state levels of Grp75 mRNA
are not raised in other cell lines a Northern blot was
performed on total RNA from mouse 3T3-L1 cells.
The steady-state levels of Grp75 and actin were
 .quantified and the resulting graph Fig. 7 clearly
shows that there is no increase in the steady-state
levels of Grp75 mRNA despite a 2-fold induction of
the protein. Therefore there appears to exist a com-
mon mechanism in cultured cells enabling them to
respond to amino acid deprived conditions by synthe-
sising Grp75 protein without any corresponding
change in the steady-state levels of mRNA.
The increase in the cell content of Grp75 following
amino acid starvation could in principle be due to an
increased rate of Grp75 synthesis andror a decrease
in the rate of Grp75 degradation. Cells were incu-
bated in control medium for 16 h and were then
transferred to either fresh control medium containing
 .cycloheximide 10 mgrml or amino acid-free
medium containing cycloheximide. The time taken
for the Grp75 level to fall to 50% of its original value
Fig. 5. Effect of inhibitors on the induction of Grp75 in response
to amino acid deprivation. Cells were incubated for 16 h with the
inhibitors shown. The figure shows a blot from a representative
experiment. Track 1 complete medium, no inhibitors; Track 2,
amino acid-free medium, no inhibitors; Track 3, amino acid-free
 .mediumqcycloheximide 10 mgrml ; Track 4, amino acid-free
 .mediumqactinomycin D 10 mgrml ; Track 5, amino acid-free
 .mediumq a-amanitin 1 mgrml .
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 .was similar under both control 23.5"6.0 h and
 .amino acid-free conditions 21.6"3.0 h . These re-
sults indicate that the rate of breakdown of Grp75 is
slow and is not inhibited by amino acid deprivation
of cells. It is therefore likely that the induction of
Grp75 under amino acid deprivation is due to an
increase in the rate of Grp75 synthesis. However, it
was not possible to measure this directly since the
Fig. 6. Northern blot analysis of Grp75 mRNA levels in CHO cells. Cells were incubated in amino acid-free medium for the times shown.
RNA was extracted, separated by electrophoresis, transferred to nitrocellulose and hybridised with the Grp75-specific probe as described
in Section 2; the blots were also probed with cDNA specific for the housekeeping genes actin and Glyceraldehyde 3-phosphate
 .  .  .dehydrogenase GAPDH ; a Representative experiment showing Grp75 mRNA levels over a 16-h time-course; b corresponding
 .mRNA levels for actin and GAPDH; c quantitative analysis of mRNA levels. The points shown are the mean"S.E.M. of values
obtained from at least three separate experiments.
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Fig. 7. Steady-state levels of Grp75 mRNA in 3T3-L1 cells in
response to amino acid deprivation. Cultured 3T3-L1 cells were
incubated in complete cell culture medium or in amino acid free
medium for 16 h. RNA was extracted, separated by electrophore-
sis, transferred to nitrocellulose, and hybridised with the Grp75-
specific probe as described in Section 2; the blots were also
probed with actin-specific cDNA and gel loading errors adjusted
accordingly. The graph represents the mean"S.E.M. of 3 sepa-
 .rate Petri dishes. P s0.95, not significant by Student’s t-test.
amount of antibody available did not allow quantita-
tive immunoprecipitation of the protein.
4. Discussion
The results in this paper show that induction of
Grp75 is a sensitive indicator of exposure of cultured
cells to a sub-optimal level of amino acids. The
pattern of Grp75 response to cell stress is unique.
Grp78, is also known to be induced by amino acid
w xdeprivation 6 but unlike Grp75 it is also induced by
exposure of cells to sulfydryl agents and calcium
w w xxionophore treatment see 23 . None of the other
proteins of the HSP or GRP family are induced in
w xresponse to amino acid deprivation 5 .
Grp75 is induced in the cell by a mechanism
showing a broad specificity to amino acids as re-
flected by the partial induction seen on omission of
either all the essential, or all the non-essential amino
acids. However, Grp75 is also induced by the sepa-
rate deletion of a number of individual amino acids,
in particular phenylalanine, histidine, or tryptophan.
This suggests that the response may be of physio-
logical relevance in cases of protein deficiency.
We have shown that the induction of Grp75 in
response to amino acid deprivation is a common
feature to cultured cell lines. This suggests that a
common mechanism exists in cultured cell lines en-
abling them to respond to the stressed conditions
imposed by limited amino acid concentrations. Hepa-
tocytes, however, do not increase the synthesis of
Grp75 in response to amino acid deprivation. Whether
this represents an absence of a mechanism for sens-
ing limiting amino acid concentrations in this cell
type or in primary cultures in general remains to be
shown.
It is of interest to compare the pattern of induction
of the Grp75 protein in response to amino acid
deprivation with that of the increase in mRNA for
w xasparagine synthetase under the same conditions 22 .
In each case deletion of a single amino acid from the
medium caused induction, with histidine and trypto-
phan and phenylalanine being among the most effec-
tive. However, the mechanisms by which asparagine
synthetase and Grp75 are induced by amino acid
deprivation are clearly different. In the case of as-
paragine synthetase, a 10-fold increase in the corre-
sponding mRNA level is observed between 3 and 12
h after transferring cells to amino acid-free medium.
As shown in Fig. 6, there is no significant increase in
Grp75 mRNA over a similar period while there is a
2-fold increase in the protein level. These results
indicate that cells respond to deprivation of amino
acids by a number of different mechanisms.
The increased expression of Grp75 on amino acid
deprivation is not accompanied by an increase in
Grp75 mRNA levels and does not appear to be due to
a decreased rate of Grp75 degradation. It is therefore
probable that the mechanism involves an increase in
the rate of Grp75 synthesis as a result of increased
mRNA translation. The role of translational regula-
tion of protein synthesis in response to metabolic
signals has been implicated in several systems. These
include the induction of ferritin synthesis upon Fe3q
w xentry into the liver cell 24 , glucose induced proin-
w xsulin synthesis in rat pancreatic cells 25 , and the
general starvation response mediated by GCN4 in-
duction in the yeast Saccharomyces cere˝isiae see
w x.1 . The data shown here suggests that the metabolic
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regulation of Grp75 synthesis due to limiting amino
acids may also involve some form of translational
regulation.
Further investigation is therefore clearly required
to elucidate the mechanism by which the cell senses a
deficiency in the intracellular amino acid pool, and
triggers the increased synthesis of Grp75.
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